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Abstract
co mbin ed m ea sure m e nts of 甲eCtrala ero sol ptical thickness, a mgdar skybrightn esstogether withspectral
w aterleB[Ving radian ce al m Sedtoprodu ce a co mplete setof 甲perim e=talbased hpd datatobe tlS ed fpr the
s olution ofthe radi2[tiv etr an sferequaLdon . T helip
- y ellingradia 皿C eSfo rthetop of the atm osphereobtain ed wi th
the I M Sprogr a m of Nakajim a& Tan aka(19SS) 訂 e C O mpar ed with experim elt al daLta &om tw o M O S
- B
crF e rPathesin the Ger m anBaltic Se a and North Sea region ･ In the 丘rst ca se畔11egenisland, Baltic Sea)the
grotLnd bas ed data BLre Obtain ed at co血in e7ttal
- mi n e- mixed aer osol co ndido n s a nd hav ebee nfar a w aLy Of
radiatio n co ndido ns of the‾co m n only tlSed a eros olproperties: n opo w e r-la w-li ke spe ctralbehavio r of the
aerosolopticalthickn ess, increasedside sc attering c o mpared withthe m ostu s ed assl mPtion ofvalidity of M ie-
scattering. Inthe s eco nd case田elgohnd, NorthSea)a w et m arin e situ atioTI W as Cha n cterlStic･
I. htr odtJ Ctio n
An esser[tialstepin the v alidation ofsatellite radian ces, the e v ahatio n oftheirinfo r m ado n c o nter[t a nd the
developm ent ofretriev alproce血res for atm osi)he血c a nd stlrfacepropertiesis their ir(terc o mparis on with
gro und truthdata. Therぬ re BrCIt nd tn lthe写pedm eT[tS haveto be air[tegrated part Qfthe tech dcal a nd
m ethodic al irr[pr ov e m ent of 血e daLta Pr oc essing o ndiffere ntlev els a ndthe qd i匂' asstLra n C e Ofthe saLtellite
data.
In m ost cas esthe atte mptis m ade, to reprodtlCethe satellite radia n c esby m odel asstu ttpionLS Of radiaLtiv e
properdes of the atn osphere and the s urhce as spectralopticalthickness, phase functio n, single scaLttering
albedo and bidirectio nalsu rface reA ction血皿Ctio n. Here either radiatio n m odels for aer osols, a s e.g. Shettle &
Fefm, 1 979, d
'Alm eL
l
da etall , 199], c.f. HeL
'
n e m a n n, 1995or c orr el血v e rehtio n shipsbetwe en optical th ickness
a71dthe atm osphericpathradian ceare 耶 CdWils o n. 1979 orspectralr虹iosbetw eendiffcreJltSpectr alcha n n els
Gordon etall , I9 78, 1987, )989, ) 991, a r e t鳩ed, to es血 atethe atm ospheric coJItribtltio nwithin the s atelite
radian c e. Al lthese w ays assllm e m ore Orless stabile a er osol co nditio ns and ide alizcd aeros ol m odels and
neglectthete mporala ndspatlalv ariabili匂r of the aerosol.
Thereforethe reprodllCtio m ofsatellite r adia n cesi apr oc ess oftn nillg Ofa m lnber ofopenpaJ a m etCrS Witho ut
kn owing the realatmosphedc c o ndition s. T houghonly gro 皿d tnlth e叩 erim ents giv e the opporhmityto
c on ne ct s atellite radian ceswith the re al atm ospheric and surfa ce co nditio n s and helps in the further
dev elopm entofatm ospheric c orre ction m odels.
Satellite grQtlndtrutll Validatio ns canbe ear ned o ut as aphysical closu re e甲 erim entbetw e en experim ental
radian ces obtain ed by也 e spacebor n e radio meter(血oreM O S-B spe ctralradian cedata) 皿 dthe m odeled tlP-
w ellillg radian cesbasing o n co mplete s ets of spectral atm ospheric a nd ざ吐血 cepafa 皿et rSdetermin ed by
BrOtmd bas edradiaLtion m e astq e m e nts･ Basicsis a c o mplete e xpe血n eJItal data set of gr ou nd based r adlatio n
data ofatm ospheric as w ellas s urfac epropertiesto m odelize the I)p- w elling radia n c esto the satellite positio n
byan exacte n oughradiatio ntr an sfer rotltin ein clllding Ⅲ 山tiple sc atte血 g.
T his c o ntribtltio n pres ents the appr oa cll and nrst resdts of two gro und truth e xperim ents iITtegrating
atm osphen c a nd sl也 ce radiadv e m eastlrem entSim aklndpres ented befored 也 g M O Sov erpathes･
2･ Des criptio n ofthe Gr o md- T ruth- Experim e nt aJId Restdts
On efirstgr Oll nd-tr uthexpe n ment･ ear ned otltd ming an o verpath of MOS/ mS at23I Septe mber1 996, c o n sits
of difrere nt m e astq eln e71tS Ofthe m ain atm ospheric opticalpara m etersbyspectrals un- ad skyradio m eters a nd
the spectralw aterleavings urface re皿ecta n ce･ T heloc atio nwithin the Greif5wal d Bight at the Ge rm anB altlC
Sea co astn e artheisla nd of Ruegen･ The positio ns 8fatm ospheric m e asu re mentsbythe U miv ersi申 of Leipzig
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andthe D L Ra nd the co nne cted slip m e astrre m ents of the w ater refle ct皿 Ce m ade by the ln stittlte Of B altG
Rese archare sho 甘Ilin fig1.
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Fig. 2
closu re s che m e of theinteractio nbetw ee n e xperim erlta data(left)a nd/the c otIPledin v ersio n radl at10 ntr an sfer
(CTR A T R A) appro acll for the dete min atl On Of up- Y elling radia n ces and the resdt olltPtlt for aeros ol
par am eters(right).
T he S eco nd experim e nthasbeen take npla ce attlelgola nd isla ndin the Nor血 Seadu riTlg an OV ernight of
M O S/ RS at the 9, M arch 197 wi tha si mi lar appr o ach. T he situ atlO nthere w ascharacterized by w et m ariTLe
air, whlCh hasbee nfollo w edsho rtly a飴 rthe ov erpath by alargefog丑eld･
The optaln ed m e asu re m e nts hav ebeen c o n n ectd by the m odiRed C 汎A TRA
-SA T R A Danalysis m odel
(cotlP ed In v ersio nR A diato nT R Ansferprorgam forS A Tellite RA Dia n ces), basing o nthe gro 皿d v ersio n,
prese nted bv We ndis ch &van Hoyn E
･
nge n-Hue n e, 1994, v a nHoym
-ngen - Hu e n e& We77dis ch 19 9 4･ ･ T he sche m e
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ofthe complete clostlre eXPerineITt, Showing thei=tercha ngesbetw een e xperim ental inptltdata andthe main
m odelingstepsin the CIR A T R Apr ogr amis sb w nin 鞄 2. T he m ain steps arefollo w ing:
1･ Spectral aerosol pticalthickness azld an卯1a T at)re Ole brightn ess ar e tlSedto irlV ertC Ohm m r a er os olsize
dishibtltio ns tnder asstl mPtio n ofa realpartQfthe r曲 a ctiv eindex oftlle aeros olpa rdcles･
2. T he cohrF n a r aer os olsizedistdb1血o nis IJSed forthe c alc1血tio n of the a er os olphasefuTICtio n, t $ 1 ng either
M ie theo ry(for sphericalparticles)orthe semi-e mpiricalscattedng theory of Pollack & Cu zzi. 1 980(for
n o n-sphericalparticles)wi th the assl m edreh ctiv eindex1
3. Fo rt he spectralcha n n els ofthe 軸 b rightn ess meastu e m ents the other atm osplleric co n stittlentS(R町Ieigh
sc atte血g. o 2.O n e abs orption(ifn e cessary))are addedto the aerosol cIlara Cterishc s(optical thickn ess aJld
phas e血IICdon). Togetherwi dlthe m easuredrene ctan c e ofthe w ater stl血 cefr o mthe ship m eaS ure m eT[tS,
the 血ta are used asir[put paua m eters for radiativ etra n s氏r calc ula:t10 n S Ofthe sky b rightn essin the
aln llCaEtar With theIM Sprogram (iIItenSib, COrreCt弓d Ⅲdtiple sc attering)of NakajE
'
m a& Ta n aka, 19881
4
. The co mpariso n ofthe m e ast md and calcdaledskyb rightn esseslet adjtd the re丘activeindex to find o ut
the minin n m r oot m e an squ aredeviatioltbetw eell m eaStU e m er[t and calcd 血on ･ This cas eis u声ed as
grotl11d.
-truth data ofre丘a cdv einde x, c ohET m ar aerosolsizedistrib 血on a且d aeros olphasefun ctio n･
5. with thes e atm ospheric para m eters, obtain edin the steps 1 to 4 the up- Y elling r adia n ceto the satellite
dire ctlO nis calc 血ted wi the sa m eradiative tra nsferprogra m of Nbkajim a & Ta n aka, 1988. T hes e
radie n ces ar e u sed forthe co mpariso nwith the m eastlredr adian ces ofthe M O S
- B r ad10 m et r･
Atrn ospheric M e a sllre n eTLtS
Me ast m 皿er=tS Ofthe main atm ospheric opticalpara m etersinboth e叩 erim eⅡtS are Carried ollt wi 也spectral
r adio n etersA SP-3(Atm osphericSpe ctral Photo m eter)of the U miⅤ亡rSib' of Leipzig, c.f. v･ Hoynjngef7 1Hu e n eet
al. 199I co n sit of the spectralaeros ol ptic althlCkn ess w地in the w a v elength.r 皿ge Ofd35 - I,1 pm (with
appro xl m ately80 cha n n els ofahalf wi dtll Of S- 15ll m),the angular skyb rightn essfun cdo nin the alm DC a ntar
at3 w a vel甲gth(0.B63. 0.683 and0.5 3 81皿1)incltlding-the aure ole r egio n. In thefirste xperim ent aditional 1y
an otherin strum eiltforthe dete min ation ofatm osphericpara m etersthe H mES-15 in stru m eⅡt Qfthe D L Rw as
tlS ed. The obtain ed re sults arefollowing: The res山ts ofthe meastF em ntS Ofboth experim e nts as w ell for the
spectralaeros oloptic althickn esses as w ell forthe nor malizedskybrigh1nesses arep s ented in 丑g. 3,
The m eteo rolgicalsituaLtio n ofthe丘rstexperim ento n23. Sept. 1996 w as a cle argkyda;y withidealc o nditio ns
jTor agro und-tr uth e xperim er[t･ The opticalco ndition aredete min ed by a miⅩtur e ofc o血 e ntala ero solabov e
thestl血 cehyer ad athin m arin e a er osol l野er Ofthe B altic Sea･ T he spe ctr ala eros olopticalthlCkneses o ver
the dayis preserlted in 丘g1 3(lo w erpa rt). One can se e, thatin the m oming m eas nre m ents､ the co ndnelttal
aerosolwith is n early Angstr6m po w erla wis do m血aLtlnga ndc6v erstotallytheiⅡnllen Ce Of the m arin e aeros ol
ofthe Baltic Sea . But arou nd 7:00 U T C(9:00 Lo cal Tim e)theinfltlenCe Of the c ottin e ntalaero sol de cr eases
ITLOr e a nd m ore(m aybebydワingup), the aeros olopticalthich essdecre ases aLnd the effects ofthe flatspectral
de crea se ofthe m arin e aeros olo cc ursin the red and n ear- m part ofthe spe ctru m. So a spectralslope wi tha
decre aseillthe bltle a nd try(determin ed by c ozttin e ntalaerosols) and a nat slope in the red a nd near - a
(dete min ed bythe m arin e c o mpo n e nt)exists, which w asfar触Im any m odelsitu atio ns. ThlSmixbre s血 血 o n
w as chaLr a Cteristicforthe ov ezT)且that 10:34 U TC.
The se co nd experim erLt ha s a clear m aJin e air m ass Sihlatio n with a highrelativ eblmi dibr (rh > 85 %
in cre asing).
Tle SPeCtrala er osDlopticalthlCkn esshas aflat spectn - wi tha slope cL 村 0.2(forthe ov ernight tim e cL た
0
･
35)･ The n o rm alizedskyb rightn essi m ore asym m etric 也an inthe 丘rst case. T he shortly afterthe ov erpath
followingfoghasbeerL StOPped the su n- a ndsky-r adio m eter me astm : D e nts, btltthefirstfogr esdts ar ein cluded
intlle丘g. 3.
Thes桓 brighhessfun ction s触 the m e asu re m e nts du血gtheboth c ases arep es entedin fig. 3(upperpart).
T he m e asu red angularbeha viorin the alm u cantarplan ein the 血stcas e恥 egenisland)ca 皿 Otbe obtained by
the assu mption ofspheric alsuper- micro nparticles wi th in a realistic r血 ctiv e ra nge. O nlyifw e assl 皿 e a n On -
spheric alsc atteringforthe s uper- micro nparticles of thq m arineco mpon ent, calc ulated wi th the s e mi- e mpiric al
scatteringthe ory of Polla ck & Cu zzi, the obs ervedin creasedside s cattering of dried m an n e aero sols c ouldbe
r epr odu ced within realistic re丘a ctiveindic es . T he av er age relativ eh mi dity washer e u nder50%. Sa m e res ults
are also obtain ed in different m eas ur e ment c a mpaign s Carried o ut u nder clear m arin e enviro n m e nts at
EelgolarLd isla皿d withinthe Ger man North Se a. c .f. v a nHoynL
l
ngef7
-Hu e n e& Po s se
. 1997,
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In die Sec ond case(Helgoland island), with the w et clea n lllarin e co nditio ns, the n o maliz ed skybrightn ess
血n ctio ns c ould be reprodu ced withthe assu mptio n of M ie-the ory within anR M SD betw e en m ea st m :a a nd
calculated sky b righlrleSS eS Of 2.9 % . Untiln o w only the clear sky c o ndition shav ebee n co n sidered,
n e v e rtheless alsofogdatahav ebe e n obtain ed.
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Fig∴3
Atmosphe n cdata ofbothov erflight experiments(Rn ege nisland, 23･ Sept･ 1996a nd flegola nd, 3･ March
197), Nor mal iz edskybrightn ess(abo v e) and spectralaeros oloptlCalthlCknes belo w)･ The optic althickn ess
co nditio nsd 血ngthe ov erpathtl m e(1 0:30 L T)are m arked wi thick lin es.
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W 且terRene cta n c e
Forthe m easⅦ∫e m ez[ts ofthc w ater reflectaTIC etw oin stru n cⅡts ar e lBed:1, a do∇Il-lo okinginstrt m ent(of the
DL R, 皿 SIE S)ha Bging 丘o m the ship ov eTthe water snziace, m e a s t n ng the in cide nt solar spcctr al flu x
de nsi匂, a ndthe n adir radia n celeavingthe w ater su血 cc. The otherin stru n 印土 w as a swi mingin stru ment,
determiDing the do w n- Y elling spectral fltlXden sib' and thc np- w elling radiazLC ein side the waLter･ Both
instnlm entS hav e a w av elengthr 皿ge Of 0.4 - 0.8 pm . T he obtain ed refle cta n c esforthe M O S/ R So v erpath are
presentedin 軸 . 4. T he reflectan cesfor wavelength
'
s hrgerO ･8 pm a re e xtr apolated 舟o m these m ea su re m ent
and usedfor the radiativ etransfer calculat10 nS. Proble m atic re m aln Sthat the m eas nr ed raflectむ1C edaLta are
val id for only a sm allarea of less_than o n e m
2
. T he e飽 ct within the M O SI Bpix el in the RIlege n eXPeriIn e Ⅱt
c oln eS免･o m a0.5 x0.5 km are a ofa shallo w w aLter r egio n, Where se afloo r effects c an zLOtbe e x chlded and als o
effects ofs d ace r en c血 n s a nd foa m ofw ater w av es areto c on sideredaddi也o nal ly.
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Water reflecta n cesd mingthe ov ed ighIexper 皿 entS
Satdli.e data
Tle S atellite data(radia n ces)are I)sed 丘om the 13 cbB n n els of M OS〝R S(MO S- M oddarOptical Sca n n er).
The M O S-r adio m eterisdevelopedand oper ated bythe D L Ra nd itis e arn ed o nthelndian Res ear ch Salelite - 1
(R Sl ).
T he par a m eters Ofthe MOSIB radio m eter arepreseJted in Tab. l･ togetherwiththe para m eters Ofthe other
parts ofthe MOSradio m eter･ Its adv antage is its highspatialresoltltio n(0.52 Ⅹ O.52 血1) which al1o w s a
co mpariso nwithgro und bas ed data represe ntlngStlChan are a w ell.
The rad10r neterhas an auto- c alibr atiol-PrO Ce血 e, whichtakesthe dlreCtS Anr spe ctru m at e ach patha ndthe
data are r eferen cedtothes olarspe ctn lln.
C ha nn el 12 is withl nthe w ater v aporbaJld and hasbeen n ot c onsidered forthe iJlter- C O mparis on s. In the
clla n nels4 - 8the o z on e abs orptio n oftheChappiusbandhastobe c o nsidered fortheinter-c o mparis o n.
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Chan nel7se e m stobe tln C alibr ated,beca u sethedata of th is cha nn el hav ebeen Ⅷ ch outside(tolo w radian ces)
of the ranges ofthe othercha n n els, Therefo reit als ohasbee ngkipped withl ndie CO mpariso n s asthe w ater
vapor chaln el･
Tab. I
pa∫a n eters of the M OS-r adio m eter o nm SIP3
Para m eter C ha n n el M O S-A MOS- a MOSIC
Spectral Range(l皿1) 0.75 5- 0.768 0.408- 1.011 1.600
No of C ha皿mels 4 1 3 1
Wav elength(pn)
C hara cteristics
Band wi dth(Il m)
1 0.7568 0.4080 1,600
S W n
100
2 0
.
7606 0.4436
3 0.7635 0,4846
4
5
6
7
8
9
10
l l
1 2
13
0
.
7663
02- AJba nd
1.4
0,520 8
0.5 70 5
0.615 3
0
.65 03
0.6 S5 3
0.7497
0.S141
0.8683
0.943 9
I.0111
Aero sol
甘20-v a[por
w ater co Ⅱtent
10
FO V
alo ngtrack(deg) 0.3 44 0.094 0.14
a crosstra ck(deg)
Sw ath wi dth(km)
Pixelsiz e(km xkm)
13.6p 14
.
0 13.4
I,57x l.4 0.52Ⅹ 0,52 0.52x O,62
Radia皿Ce r ange
Mln / Max 0.1 0.2 0.5
(LAW /(c m2 Il m Sr) 40 65 1S
Co mpariso nofGr otlnd Trt(th AJId Satellite Radi皿 a C eS
For仙e o verpath tim e, the spe ctralaeros ol opticalthickness, the aer osolphase 血皿Cbon, obtained B
'
o mthe
CIR A T R Aappro ach andthe w ater re且ectan cein n adirdirection are lB ed withlnthe radia也v etra n sferprogra m
to calculatethe up-Y ellingn adir radi an ce at thetop ofthe atm ospher efo r allspectralcha n n els ofthe MOS-B-
r ad10 皿eter. With in chan nels wi 也o zon e abs orption,the oz o n e opBc althi 血ess丘o mthe A SPradio m eterin the
Chappiu sbandis used, w aLter V apo ris stl ln ot considered_ Ther efore als oth占cha 皿 elat0,93S岬1 1S e X Chlded
丘o mthe co mpariso n. The co mparis o n resdtsforbothe xperim e=ts are sho w nin 丘g. 5. In the Brstexperim ent
恥 egenisland)bothcases ofin version re 氾1ts:1. a sumptionOfsphericalaeroslpartlCles(M ie-the ory)and2.
bestfltin v ersion u sing the semi
･七 mPiric als catteringtheory of Polla ck & Cuzzj are prese nted, becallS eMle
-
theory 呈alv ein snlRcientresdtsforthe closurebetw ee n m e astlred and calcuhtedskyb rightn essfunction s ofthe
gr o und based m e asur e m ents. In the sec ond e xper -enl Pelgolandisland)the Mie the ory cod d be tlSed,
therefore n o calcdation swi th thePolla ck & Cuzziapproxim ationhBtV ebe en us ed.
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Fig. 5
Inter- c o mparisoll Ofthe n adirradia71CeS at thetop ofthe atm osphereforbothov erpathes:Rtlege nisland, 2 3.
Sept･ 1996(abo ve) and Helgola nd isla nd, 9. March 19 7(belo w)
Ge nerallythe m e ast mdby M O S-a satellite radl an CeSforbothov erpathesin the w a vele ngthrange 九 < 0,61皿
arelarger thBLnthe calc ulated o n es, butdie r eS ult with the phas efun ction of the n o n-sphericalpa rticles are
closertothe m eas ured o nes･ Butitstillre m ains adiffere nc e of 10 %and m ore, which w o 甘1d be tolarge for a
retrie val ofs m allw ater reEe ctan ces o r e v en aerosolpa a m eters･ A betterestim at10 n Of the phasefun cbo nin
th is w av ele ngth ranBe with also n ozl-Spherici申 eqects co uldbe ac o ntribtltio nto redu cethis differen ce. But
betw e e nO･45 a nd O･551皿 ulediETere n ceco uldn
'
tbe produ ced bythe atm osplleric aerosol(optical thlCkLleSS
aJldphasefunc血 n)alo n e･ bec au sethe m os-effect ofthepath radia n ce co m esfr o mthe Rayleighs cattering.
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T he spectralcha n n els of0.68to 0.86giv eforthe 丘rst atte mpt a close c oin cide n ce. Forthis cha 皿 els the
measuredskybrightn essfun ctlOn Sha v ebee n obtain eddirectlybythe me ast m ents. Forthe Other cha m els the
phase血n ctiolu 丘o m thes e ch an n els(0･68and O･86l皿)hav ebee ntran s危rred to the w avelength ofthe
chan n els. With in these cha m els als othe bestrestlls for the phase血 nctlO nS by the CIR A T R Aprogra m a re
obtained. Fo rthe w a v elength larger0.81皿 the missing m eastlredvaluesforthe w ater reflectan ce al
'
e afactor
of in certaiI吟 in the inter ぺ;O mPariso n･ _The clla m e1 7of M OS
-B sho w sge n erally to lo w radian ces･ This
chann elw av el ngthsho uld be o utofa stro ng absorptionlin e, soitse e m sto beprobabely a c aHbratio n err or.
3. Conchsio n s
ln this very Rrst atte mpt the gr ou nd truth meastqem er(ts c ol)ldreprodu ce in the m ost chan nels tile rnain
spectral 触 IlreS Ofthe MOS-B radian ceswithin few perc eds and show the co n n ectionbetw 鶴 n the s atellite
ゐta azldthegrotuld bas ed m eastlreZTlentS. This co uld be abas eforretriev alpro cedD reSfor the detelmin atio n
ofaerosolpar a m eters, sll Ch as spectr al decreasewiththe w aveleng瓜 a ndr esultingfro mthis main a er osol呼pe.
Neverthelessthe diueren cesbetw ee nthe radian ces, m eas tLr edby the s atelite and-the c alc ulatio n sfro mthe
grollZld bas ed m e as 打 e m e ntS(wi thscv eralperc e nts) are stil to large for an ac cu rate retdev al of sD S m all
refle cta nc es ofa w ater sllrfa ce, bec aus eth is e8Te ctis wi th in tlledeviatio n s. TheiIⅣ eStigatio n of the reas o ns of
thesedjifere nc es should be tlSed fo rthe improv e m e nt ofas w ellasthe grou nd t7uth approまc】1 widl all its
e xperi m entalresdts asthe qu alityof the satellite data.
Bllt theJe XPerim ents sho w v ery cle arly: the obtain ede xperim er[tal data fo rthe atm oq)heric par am etersbythe
gro und m 飽 SⅧ 陀 n C皿tS arefar ofthatofthe n or mallytlSed aeros olm odeltypes:nle O n e SitD atio n w as ami 血 re
ofco ntin e血al and min e aero sol a nd n o n-sphericalpa rticle s caLtteringhasto be us ed forthe super
- micr o n
aerosol 鉦act10 n. T her efore assllmption s ofa certain a er os ol m odelasfor血stan ce th3t Of d
'A lm eida e[al, I991
alo ne are a realsotlrCe Ofin certainbrfor a retrle Valofspectmlw aterre皿ectan ces.
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Fig. I
partofa c o mpositeim age of M O Sradia n cedata of thePaLth 23o n23･ Sept･ 19 96 wi 血 thePositio n s ofthe
m e as ure m e ntsitesd mingthe ov erpath･ Thepar(sho w stheB al tic Se areg10n ar O u nd theisland Rn ege nwi th the
Greifs wal d bighth n orthem Ge m aTty.
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